Abstract
INTRODUCTION
Various immunological changes induced by mediators involved in the pathogenesis of sepsis lead to organ failure and subsequent organ dysfunction. Once circulatory failure and shock have developed, the mortality rate among patients with severe sepsis increases to > 50% [1] . As an indicator of hematological system failure, thrombocytopenia reflects an increase in the mortality rate and severity of sepsis; therefore, it is included in the Sepsis-related Organ Failure Assessment (SOFA) score [2] . A limited number of studies have evaluated the relationship between sepsis and reduction in platelet count despite the fact that thrombocytopenia is equally as important as circulatory failure [3, 4] .
Determination of the most appropriate therapeutic agent and rapid initiation of treatment allow for the reversal of the damage that occurs during early pathogenesis. Because the causative microorganism cannot be identified in approximately half of the patients with sepsis, treatment is directed at developing organ failure. Although improvement in the treatment of patients with sepsis was ensured by the Surviving Sepsis Campaign and other published guidelines, thrombocytopenia remains a major problem for these patients in the ICU [5] . Few studies have investigated survival during and after an ICU stay among patients with sepsis and the worsening of thrombocytopenia with the passage of time post-admission [6, 7] .
In the present study, we hypothesized that the development of thrombocytopenia due to sepsis, particularly on day 5 of hospitalization, may be associated with a worse prognosis of patients in the ICU and after ICU discharge than in nonthrombocytopenic patients with sepsis.
MATERIALS AND METHODS
This study was approved by the Internal Review Board of Kartal Lütfi Kırdar Teaching Hospital-İstanbul. It was conducted in accordance with the ethical principles stated in the Declaration of Helsinki [8] . This retrospective cohort study was performed in a 22-bed respiratory ICU of a single tertiary training and research hospital. All patients were followed up by the same pulmonary specialist team (n= 8) from 1 January 2012 to 31 December 2012.
Patients
All patients with sepsis who were admitted to our ICU and stayed more than 4 days were enrolled in the study. Patients having thrombocytopenia on admission were excluded. All patients had pulmonary-origin sepsis (pneumonia, infective bronchitis, bronchiectasis, and other conditions). It is known that in heparin-induced thrombocytopenia (HIT), the platelet count usually falls 5-14 days after heparin is first administered. To exclude HIT, patients were stratified into two groups according to their fifth day thrombocyte count. Group 1 comprised patients with a thrombocyte count of ≤ 150,000/ mL or that had decreased to ≥ 50% of the ICU admission count on their fifth day in the ICU. Group 2 comprised patients with a thrombocyte count of > 150.000 or that had decreased by < 50% of the ICU admission count on their fifth day in the ICU.
Definitions
The systemic inflammatory response syndrome (SIRS) criteria were defined as follows:
• Core body temperature of > 38°C or < 36°C, • Heart rate of ≥ 90 bpm, • Respiratory rate of ≥ 20/min (or PaCO 2 of < 32 mmHg),
• White blood cell count of ≥ 12.000/μL or ≤ 4000/μL or > 10% immature forms.
Sepsis was defined as the presence of at least two SIRS criteria [9] caused by a known or suspected infection. Patients with organ dysfunction and/or hypoperfusion abnormalities were considered to have severe sepsis. Shock was defined as the need for vasoactive drugs (> 5 μg/kg/min of dopamine, dobutamine, or norepinephrine at any dose) for at least 1 h [9] . Septic shock was diagnosed when shock was associated with a documented or assumed infection without any other identifiable cause of shock [9] .
Data Collection
The pre-ICU locations and date of ICU admission were recorded for all patients. Demographic data, comorbid diseases (diabetes, cardiovascular disease, chronic renal disease, and chronic respiratory disease), body mass index (BMI, kg/m 2 ), arterial blood gas analysis and blood biochemistry results, SIRS criteria [9] , APACHE II [10] , and other ICU outcomes (implication for and durations of invasive and non-invasive mechanical ventilation, lengths of ICU and post-ICU hospital stay, use of sedation, and nutrition information) were gathered from the patients' ICU files. Hemogram parameters, including thrombocyte levels, white blood cell levels, hemoglobin levels, biochemical blood analysis results, activated partial thromboplastin time, and international normalized ratio, were noted on days 1 and 5 of ICU admission. All agents isolated from culture samples were documented. All patients were treated according to established guidelines [11] .
We followed the Modified Protocol for Surviving Sepsis [3] and Early Directed Goal Therapy protocol [12] . Invasive mechanical ventilation (IMV) with a moderate tidal volume [13] was performed if the patient was unresponsive to or had a contraindication for non-invasive mechanical ventilation (NIMV) [14] . Moderate-dose steroids [15] were administered at 20 mg three times daily for 7 days in patients without contraindications. A glucose control protocol [16] was followed to maintain blood glucose levels between 110 and 140 mg/dL (< 150 mg/dL). A sedation protocol was applied during mechanical ventilation. The Richmond AgitationSedation Scale was used for the determination of infusions and assessment of the daily need for sedation [17] .
Microbiology
Bronchial secretions were collected via deep tracheal aspiration in intubated patients. Sputum was collected in a sputum Petri dish in non-intubated patients. A blood culture was obtained and incubated in aerobic culture media in patients with hyperthermia or hypothermia (< 36°C or > 38°C, respectively).
Statistical Analysis
Descriptive statistics were used to define the characteristics of the study population. All recorded data were compared between the two groups. We further divided the patients with severe sepsis into two subgroups according to mortality. Data were compared using the Mann-Whitney U test and Student's t-test for nonparametric and parametric variables, respectively. All nonparametric values are presented as median with interquartile range (25%-75%). We used the chi-square test to compare categorical variables (sex, comorbidities, and IMV and NIMV status) between the two groups.
Logistic regression analysis was performed to evaluate the multivariate associations between risk factors and mortality. The multivariate model was adjusted for baseline severity (SOFA score on admission to the ICU). Odds ratios, 95% confidence intervals, and p values were reported. Patients were followed for 12 months after ICU discharge, and mortality status was recorded during this period. The long-term survival analysis of the two groups after ICU discharge according to the fifth day of thrombocytopenia was analyzed using the Kaplan-Meier curve. Data were analyzed using the Statistical Package for the Social Sciences 15.0 (SPSS, Inc., Chicago, IL, USA). A p value of < 0.05 was considered to indicate statistical significance.
RESULTS
Patient enrolment and stratification are shown in the CONSORT diagram in Figure 1 . Sepsis criteria were present in 573 (57.1%) of all 1003 patients admitted to the ICU during the study period. Septic shock was observed in 120 (39.1%) of the patients with sepsis.
Demographic characteristics, comorbidities, the performance of long-term oxygen therapy, and the performance of NIMV were compared between the two groups ( Table 1) . Most patients were male and > 65 years old. The characteristics of both groups were similar, except that the thrombocytopenic group had a significantly higher incidence of cancer as a comorbidity (p= 0.001). There were no significant differences in the number and frequency of SIRS signs between the two groups.
Laboratory values, APACHE II scores, and BMIs at admission as well as the patients' pre-ICU locations are shown in Table 2 . Patients in Group 1 had significantly higher APACHE II scores and were more frequently transferred from other centers.
Microbiological samples were taken from 237 patients (77%). An agent was isolated in 92 (38.8%) of these patients. Gram-negative agents constituted most of the isolated pathogens. The most frequent were Acinetobacter baumannii (n= 40, 28.9%), Pseudomonas aeruginosa (n= 16, 11.6%), and Klebsiella pneumoniae (n= 15, 10.9%).
The application of mechanical ventilation, lengths of ICU and post-ICU hospital stay, and mortality rates of the two groups are shown in Table 3 . The mortality, septic shock, and IMV rates were significantly higher in Group 1.
The application of mechanical ventilation and ICU outcomes are summarized in Figure 2 . Group 1 patients who underwent direct IMV without NIV had a mortality rate of 73.3% (11 of 15 patients), which was significantly higher than that in Group 2 (p= 0.001).
Sex, APACHE II score at admission, serum albumin level, thrombocyte level on ICU days 1 and 5, presence of septic shock, serum CRP level, isolated pathogens, comorbidities, application of IMV and NIMV, and length of ICU stay were added to the logistic regression model to analyze the risk of mortality among patients with severe sepsis staying more than 4 days in the ICU. Thrombocytopenia on ICU day 5, the presence of septic shock, male sex, and a low albumin serum level were associated with an increased mortality rate of 80.1% in the regression model (Table 4) .
A 12-month follow-up of 238 patients discharged from the ICU revealed that 124 (52.1%) of these patients had died. Half of the patients died within the first 2 months of discharge. Kaplan-Meier analysis revealed no statistically significant effects of thrombocytopenia on ICU day 5 ( Figure 3) .
DISCUSSION
This study showed that thrombocytopenia on the fifth day of ICU admission is a risk factor for ICU mortality, but not for long-term mortality, among patients with sepsis and acute Patients eligible to study stratified according to 5 th day thrombocytopenia n: 307 ò ò respiratory failure. Additional risk factors for ICU mortality were male gender, the presence of septic shock, and a low serum albumin level.
The mechanism of thrombocytopenia in sepsis is not completely clear. Hemophagocytosis may occur, consisting of active phagocytosis of megakaryocytes and other hematopoietic cells by monocytes and macrophages, hypothetically due to stimulation with high levels of macrophage colony-stimulating factor (M-CSF) in sepsis. Platelet consumption may also play an important role in patients with sepsis because of the ongoing generation of thrombin (which is the most potent activator of platelets in vivo) [18] .
Studies of patients with sepsis hospitalized in the ICU have reported an overall mortality of 20%-30% [19, 20] . Sepsis combined with septic shock is known to increase mortality. Many studies have shown that mortality associated with shock ranges from 20%-70%. This wide range varies according to factors such as underlying diseases, sex, and the presence of acute respiratory distress syndrome (ARDS) [19] [20] [21] . Therefore, the Surviving Sepsis Campaign aims to prevent the development of sepsis and shock and to treat shock as soon as possible once it develops. The overall mortality rate in patients with sepsis in our study was 42.5%, while the mortality rate in patients with septic shock was 22.3%. These rates are consistent with those reported worldwide [21, 22] . In total, 51.7% of patients had sepsis criteria among those hospitalized in the ICU during the study period. Meanwhile, septic shock was observed in 23.1% of these patients during application of the sepsis protocol. The overall incidence of septic shock in our patients was 11.9%, which is compatible with data reported worldwide. Previous studies have reported that patients with septic shock are usually > 65 years old, male, and have comorbidities that suppress the immune system, particularly cancer [21, 23] . Septic shock and male gender increased the risk of mortality 4.9-and 3.6-fold, respectively, in the present study. Because the average age of the patients in our study was 67 years, we could not demonstrate that age > 65 years is a risk factor for mortality.
Thrombocytopenia is a sepsis marker in patients with hematologic organ dysfunction [2] . It is also a significant predictor of mortality in patients with blood infections, pneumonia, and ARDS [24, 25] . In a similar study performed 22 years ago with a smaller sample size than ours, a 58% incidence of thrombocytopenia and a 51% mortality rate were found among patients with sepsis [26] . Using the current sepsis protocol, we found a 40% mortality rate in the present study. In a systematic review of 6894 patients in Table 3 . ICU mortality rate, application of mechanical ventilation, length of stay at ICU and hospital after ICU of the two groups Cumulative Survival different ICUs (internal medicine, surgical, mixed, and trauma), the incidence of thrombocytopenia at ICU admission ranged from 8.3% to 67.6% [27] . Additionally, thrombocytopenia persisted in 13%-44% of patients during their ICU stay and was a risk factor for mortality in six of eight studies included in the review. The incidence of thrombocytopenia was 21.8% on the fifth day of the ICU stay in our study population. These variations can be explained by the differences in the definitions of thrombocytopenia; we used a definition of < 150.000/μL in the present study. Other studies have used cut-off values of 30.000, 50.000, and 100.000/μL. Worsening of thrombocytopenia during the ICU stay, particularly from day 4 to 7 of the ICU stay, has been reported as a risk factor for mortality in previous studies [6, 27] . The mortality rate was two times higher in patients with severe sepsis and thrombocytopenia on the fifth day of the ICU stay in our study. Additionally, septic shock developed in half of the patients with thrombocytopenia and in onethird of the patients without thrombocytopenia. Various mediators involved in the pathogenesis of sepsis and endothelial permeability are also likely to be effective in the production of platelets and their function. Further study of platelet function and production may lead to new approaches in the treatment of septic shock.
Although few data are available on the long-term post-ICU mortality of patients with sepsis, a retrospective study showed that the life expectancy of patients who were admitted to the ICU with septic shock and survived for at least 30 days after discharge decreased from 8 to 4 years [28] . In our study, after a 12-month follow-up of patients with sepsis, male patients with septic shock were found to have shorter survival times; however, the difference was not statistically significant. Two articles published in 2004 and 2009 reported mortality rates of 36% and 37%, respectively, after prospective follow-up of patients with sepsis for 12 months; these rates were lower than the mortality rate in the present study (52.1%) [29, 30] . Additionally, half of our patients died within the first 2 months of ICU discharge. This can be explained by the fact that nearly half of our patients were admitted with a diagnosis of end-stage chronic obstructive pulmonary disease (COPD).
In the present study, 61.3% of patients had positive culture results, and the rate of culture positivity was identical in the thrombocytopenic and non-thrombocytopenic groups. The most frequently isolated agents were A. baumannii (28.9%), P. aeruginosa (11.6%), K. pneumoniae (10.8%), and Staphylococcus aureus (5.1%). In an international multicentre study that examined 13.796 patients, culture specimens were taken from 51% of patients, and 70% of these cultures were positive [31] . In this same multicentre study, Gram-negative agents were mostly isolated in 62% of cases [31] . The high rate of culture isolation of A. baumannii in our patients may have been associated with their pre-ICU location and clinical features. Most patients were admitted to the ICU from the ICU of another center or ward. Additionally, these patients had a history of broad-spectrum antibiotic use as well as frequent and prolonged hospital admissions, which increases susceptibility to resistant pathogen growth. The higher rate of isolation of resistant pathogens in the thrombocytopenic group suggests that throbocytopenia is induced by uncontrolled infection due to these pathogens.
In this study, NIV and IMV were applied in approximately 95% of patients, while 47.6% were followed up with IMV. However, IMV was applied two-thirds more frequently in patients with thrombocytopenia on day 5 of the ICU stay. NIV was applied at a similar rate in both groups of patients. The mortality rate of patients with thrombocytopenia on day 5 was higher among those patients who underwent IMV directly upon admission than in those who underwent IMV after NIV failure (73.3% vs. 40.0%, respectively). The mortality rate in patients who underwent only NIV treatment was lower. Thus, the presence of thrombocytopenia adversely and significantly affects the response to applied mechanical ventilation and to the mortality rate. Application of NIV to clinically unstable patients with shock and ARDS is controversial and has a low success rate [32] . Because most of our patients were diagnosed with COPD, NIV might be regarded as the first-line mechanical ventilation application unless a specific contraindication exists. Additionally, because most of our patients had COPD, intubation may have been performed in worse clinical conditions, explaining the poorer prognosis.
There were several limitations to our study. First, this was a retrospective, single-center study. However, the follow-up and treatment of patients and the data collection were performed by the same physician group using the same optimized computer-based program; thus, our study provides significant international data. Second, the study was conducted in a respiratory ICU and included only patients with severe sepsis and respiratory disease. The results may differ in a different population; however, it should be noted that sepsis with a pulmonary origin constitutes the clinical condition in half of the patients in general ICUs. Third, we did not perform microbiological examinations in half of our patients. In our respiratory ICU, we routinely perform endotracheal aspiration to obtain culture specimens from intubated patients. However, sputum expectoration is not always possible in patients who are not intubated, and contamination from the oropharynx is also a problem in these patients. Finally, we could not exclude patients with possible HIT because we could not detect antibodies directed against the PF4/heparin complex in our laboratory. However, the incidence of HIT is low in ICU patients. In a large prospective study comprising 5.949 ICU patients (2.751 after cardiac surgery and 3.198 after thoracic surgery), HIT was clinically suspected in 1.7% at a median of 5 (range, 4-9) days after ICU admission [33] . Most of the studies investigating thrombocytopenia and ICU mortality exclude HIT patients using the presence of clinical criteria suggestive of HIT and the presence of platelet factor-4 antibodies [34, 35] . On the other hand, in patients with HIT, the platelet count usually falls 5-14 days after heparin is first administered, and we divided our patients in two groups according to the platelet count on the fifth day because of the absence of the immunologic test. By this method, we likely eliminated patients with heparin-induced thrombocytopenia.
As far as we know, this is the first retrospective study in which patients were classified according to the fifth day thrombocyte count.
This study also had several strengths. It is one of only a few comprehensive studies investigating the long-and short-term outcomes of patients with thrombocytopenia and sepsis in the ICU. Using a current sepsis protocol, the impact of thrombocytopenia on the prognosis of sepsis was investigated in broad and specific patient populations. Patients were treated by the same intensivists and pulmonary specialists working in the ICU with 7/24 shifts, thus minimizing implementation differences.
In conclusion, this study found that thrombocytopenia on the fifth day of the ICU stay increases ICU mortality threefold. The need for IMV and frequency of septic shock were greater in these thrombocytopenic patients admitted to our ICU. We showed that male sex, a low blood albumin level, and the presence of septic shock and thrombocytopenia on day 5 of the ICU stay increased the risk of mortality to 80%. Application of IMV upon admission to the ICU significantly increases mortality. The measurement of thrombocytopenia in the ICU, which is easy and low-cost, may help to predict mortality. Thus, precautions can be taken early in patient treatment and follow-up. As we know, early intervention is crucial in the approach to sepsis. Other -B.B., G.G., F.K., N.A., H.B.T.
